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(57) The invention provides a system for controlling 
the charging of a secondary battery (battery), which Is 
capable of keeping an initial charging/discharging char- 
acteristic of the battery in consideration of a change in 
environmental temperature and deterioration of the bat- 
tery with elapsed time. 

In the invention, an ordinary charging portion 6 for 
performing a first charging control specified to stop the 
charging at a charge level less than a full-charge level 
is used in combination with a refresh charging portion 7 
for performing a second charging control specified to 
stop the charging at a charge level more than the full- 
charge level. Afterthe charging by the ordinary charging 
portion 6 is continuously repeated by a specific number 
of times, for example, ten times, the next charging is per- 
formed by the refresh charging portion 7. The cut-off 
voltage used for the ordinary charging portion 6 and re- 
fresh charging portion 7 is determined by correcting a 
reference voltage VO on the basis of an environmental 
temperature TAO detected by an environmental temper- 
ature detecting portion 21 . The deterioration of the bat- 
tery 11 is corrected on the basis of a reference full- 
charge voltage, an initial full-charge voltage Vmax(1 ), a 
present full-charge voltage Vmax(n), an initial maximum 
battery temperature Tmax(1), and a present maximum 
battery temperature Tmax(n). 
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Description 

[0001] The present invention reiates to a systenn for 
controlling the charging of a secondary battery, and par- 
ticularly to a system for controlling the charging of a sec- 
ondary battery, which is suitable for enhancing the du- 
rability of the secondary battery, that is, keeping an initial 
charging/discharging performance of the secondary 
battery for a long-period of time. 

[0002] In thecaseof charging a secondary battery us- 
ing nickel oxide as the material of a cathode (positive 
electrode), for example, a nickel-cadmium battery or a 
nickel- hydrogen battery, as the battery is charged to a 
full-charge level, oxygen gas Is generated at the positive 
electrode. If the generation of the oxygen gas is contin- 
ued, the inner pressure of the secondary battery is 
raised, and accordingly, the oxygen gas thus generated 
is required to be consumed by local cell reaction on the 
surface of an anode (negative electrode). In general, 
taking into account the gradual reduction in capacity of 
the negative electrode by the local cell reaction, the ca- 
pacity of the negative electrode is set to be larger than 
that of the positive electrode. For example, a ratio (NP 
ratio) of the capacity of the negative electrode to that of 
the positive electrode is set to a value in a range of about 
1 .65 to 2.0. However, since the charging capacity of the 
battery is increased with the positive electrode taken as 
a rate-limiting factor, the Increased capacity of the neg- 
ative electrode brings enlargement of the secondary 
battery but does not contribute to the increase in charg- 
ing capacity of the battery. 

[0003] A charging method capable of suppressing the 
generation of oxygen gas by stopping the charging at a 
charge level less than a full-charge level, for example, 
97% of the full-charge level has been proposed In Jap- 
anese Patent Laid-open No. Hei 5-111175. This charg- 
ing method is advantageous in that since the generation 
of oxygen gas is suppressed, the reduction in capacity 
of a negative electrode by local cell reaction can be pre- 
vented, with a result that it is possible to reduce the ca- 
pacity of the negative electrode, and hence to miniatur- 
ize the secondary battery, that is, increase the charging 
capacity. 

[0004] As described above, the stopping of the charg- 
ing at a charge level less than a full-charge level is de- 
sirable from the viewpoint of durability of a secondary 
battery; however, since a voltage reference value (cut- 
off voltage) representative of a reference charge 
amount for stopping the charging is dependent on a bat- 
tery temperature and an environmental temperature 
and also on the degree of deterioration corresponding 
to the service period, it is not easy to accurately detect 
that the voltage of the secondary battery reaches the 
cut-off voltage. In other words, it is not expected to ac- 
curately control the charging of the secondary battery 
only on the basis of the cut-off voltage. 
[0005] In view of the foregoing, the present invention 
has been made, and an object of the present invention 



is to provide a system for controlling the charging of a 
secondary battery, which is capable of setting a cut-off 
voltage to a value being as close to a full-charge level 
as possible in consideration of an environmental tem- 
5 perature and a deterioration with elapsed time. 

[0006] To achieve the above object, according to a 
first feature of the present invention, there is provided a 
system for controlling the charging of a secondary bat- 
tery, including: charging control means for stopping the 
10 charging when a charging voltage reaches a specific 
cut-off voltage corresponding to a charge capacity less 
than a full-charge level; and temperature correcting 
means for correcting the cut-off voltage on the basis of 
a deviation between a present environmental tempera- 
15 ture and a reference environmental temperature. With 
this first feature, the cut-off voltage, which Is varied de- 
pending on an environmental temperature, can be opti- 
mally corrected. 

According to the invention described in claim 1 , since 
the cut-off voltage can be corrected In consideration of 
an environmental temperature, it is possible to accurate- 
ly stop the charging at a charge voltage close to a full- 
charge level, and hence to charge the battery to a 
charge level close to the full-charge level in considera- 
tion of the durability of the battery. 
[0007] According to a second feature of the present 
invention, the system described in the first feature of the 
present invention further includes: second charging 
control means for stopping the charging at a charge lev- 
el more than a full-charge level; charging voltage storing 
means for storing a charging voltage at the time of ter- 
mination of a plurality of times of the charging by the 
second charging control means; and deterioration cor- 
recting means for correcting the cut-off voltage on the 
basis of the value of the charging voltage stored in the 
charging voltage storing means. 
[0008] As the battery is deteriorated, the charge ca- 
pacity at the time of termination of the charging becomes 
smaller than the charge capacity at the time of stopping 
of the charging on the basis of the initially set cut-off 
voltage. According to the second feature, the charging 
voltage at the time of termination of a plurality of times 
of the charging to a charge level more than a full-charge 
level Is stored, and the cut-off voltage Is corrected so as 
to be increased in consideration of a deteriorated pro- 
portion of the battery detected on the basis of the stored 
value of the charging voltage. 

[0009] According to a third feature of the present in- 
vention, the system described in the second feature of 
the present invention further includes battery tempera- 
ture storing means for storing a temperature of the sec- 
ondary battery at the time of temriination of a plurality of 
times of the charging by the second charging control 
means; wherein the deterioration correcting means fur- 
ther corrects the cut-off voltage on the basis of the value 
of the battery temperature stored In the battery temper- 
ature storing means. If the secondary battery is deteri- 
orated, the temperature of the secondary battery at the 
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time of termination of charging is changed. With the third 
feature, the deteriorated proportion of the battery can 
be corrected in consideration of both a battery temper- 
ature and an environmental temperature. 
[0010] According to the invention described in each 
of claims 2 and 3, since the deterioration of the battery 
with elapsed time can be corrected on the basis of the 
charging voltage at the time of termination of the charg- 
ing and a battery temperature, it is possible to charge, 
even for a long-period of service, the battery to a charge 
level close to a full-charge level in consideration of the 
durability of the battery. 

[0011] Hereinafter, one embodiment of the present in- 
vention will be described with reference to the drawings. 
[0012] FIG. 1 is a block diagram showing a system 
configuration of a motor-driven vehicle including a bat- 
tery charging control system according to one embodi- 
ment of the present Invention. 

[0013] FIG. 2 is a flow chart showing a first essential 
process of ordinary charging. 

[0014] FIG. 3 is a flow chart showing a second essen- 
tial portion of the ordinary charging. 
[0015] FIG. 4 is a flow chart showing a first essential 
process of refresh charging. 

[001 6] FIG. 5 Is a flow chart showing a second essen- 
tial process of the refresh charging. 
[001 7] FIG. 6 Is a diagram showing changes In battery 
voltage and battery temperature with an elapse of a 
charging time upon refresh charging. 
[0018] FIG. 7 is a diagram showing a relationship be- 
tween the number of times of the ordinary charging and 
a change in charge amount. 

[0019] FIG. 8 Is a diagram showing a relationship be- 
tween an environmental temperature and a charging 
termination voltage. 

[0020] FIG. 9 is a diagram showing a battery dis- 
charge curve. 

[0021] FIG. 1 0 is a front view of a remaining capacity 
displaying portion before deterioration of the battery. 
[0022] FIG. 1 1 is a front view of the remaining capacity 
displaying portion after deterioration of the battery. 
[0023] FIG. 12 is a view showing a segment display 
example of the battery remaining capacity before dete- 
rioration. 

[0024] FIG. 1 3 Is a view showing the segment display 
example of the battery remaining capacity after deteri- 
oration. 

[0025] FIG. 14 is a block diagram showing a first es- 
sential function of the embodiment of the present inven- 
tion. 

[0028] FIG. 15 Is a block diagram showing a second 
essential function of the embodiment of the present in- 
vention. 

[0027] FIG. 1 is a block diagram showing a system 
configuration of a motor-driven vehicle including a sec- 
ondary battery (hereinafter, referred to simply as a "bat- 
tery") and a charger therefor. Referring to this figure, 
there are shown configurations of a battery unit 1, a 



charger 2, and a vehicular body 4. The battery unit 1 
includes a battery 1 1 , a battery temperature detecting 
portion 12, a battery capacity calculating portion 13, and 
a memory 14. The charger 2 includes an environmental 
5 temperature detecting portion 21 , a charging current de- 
tecting portion 22, a charging voltage detecting portion 
23, a discharger 24, a charging control portion 25, an 
AC/DC converter 26, a display portion 27, and an ECU 
28 including a microcomputer. A current is supplied from 
10 a power source 3, for example, a household power 
source (1 00 V) to the charger 2 via the AC/DC converter 
26. The vehicular body 4 includes a motor 41 for gener- 
ating a motive power for the vehicular body, a motor driv- 
er 42 for controlling the motor 41 , and a remaining ca- 
15 paclty displaying portion 43 for displaying a remaining 
capacity of the battery 11 . A current is supplied from the 
battery 1 1 to the motor driver 42. 
[0028] The battery 11 Is exemplified by a battery hav- 
ing a voltage/capacity of 24V/5Ah, which can be ob- 
tained by collection of, for example, 20 pieces of 1.2 V 
type Ni-MH (Nl-Metal Hydride) cells. These Ni-MH cells, 
each of which has a C-size and an NP ratio of about 1 .2, 
are capable of attaining a battery capacity of 5 Ah (am- 
pere X hr), and therefore, realizing a compact battery 
having a high energy density. 

[0029] The arrangement of respective components of 
the above-described system is not limited to that shown 
In FIG. 1 but may be modified depending on the config- 
uration of the motor-driven vehicle or the like. For ex- 
ample, the charging current detecting portion 22, the 
charging voltage detecting portion 23. the charging con- 
trol portion 25, and the ECU 28 may be arranged not in 
the charger 2 but In the battery unit 1 ; and the remaining 
capacity displaying portion 43 may be arranged not In 
the vehicular body 4 but in the battery unit 1 , or two of 
the remaining capacity displaying portions 43 may be 
arranged In both the vehicular body 4 and the battery 
unit 1 . 

[0030] The charging control of the battery 11 in the 
above-described system includes both a first charging 
control (hereinafter, referred to as "ordinary charging") 
and a second charging control (hereinafter, referred to 
as "refresh charging"). The ordinary charging of the bat- 
tery 11 is characterized by stopping the charging at a 
charge level, which is close to and less than a full-charge 
level (equivalent to 1 00% of a rating capacity of the bat- 
tery), for example, at a charge level of 97% of the full- 
charge level. The refresh charging of the battery is char- 
acterized by stopping the charging at a charge level, 
which is more than the full-charge level by a specific 
amount. In general, the refresh charging of the battery 
is performed after the ordinary charging of the battery is 
repeated by a plurality of times. To be more specific, the 
refresh charging is performed each time the number of 
times of the repeated ordinary charging has become a 
specific number or a random number made to occur for 
each ordinary charging corresponds to a specific value. 
[0031] The charging control of the battery 11 will be 
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described in detail with reference to flow charts shown 
in FIGS. 2 to 5. FIG. 2 Is a flow chart showing a first 
essential process of the ordinary charging. In steps 
SI 01 to S108, a procedure for deciding a temperature 
before charging is executed, tn step 8101 , an attention 
signal "On Charging" is displayed on the display portion 
27. In step S1 02, a battery temperature TBO is detected 
by the battery temperature detecting portion 12. In step 
SI 03, It is decided whether or not the battery tempera- 
ture TBO Is equal to or less than a predetermined charg- 
ing starting temperature Tmax, which is set to, for ex- 
ample, a value in a range of 40 to 50°C. The processing 
in step SI 03 is repeated every specific resting time until 
the answer in step SI 03 becomes affirmative (YES). If 
the answer In step SI 03 becomes affirmative (YES), the 
process goes on to step SI 04. In step S104, an envi- 
ronmental temperature TAO is detected by the environ- 
mental temperature detecting portion 21 . In step 81 05, 
the value of a counter N1 for counting the number of 
times of the repeated ordinary charging is incremented 
by 1 (N1 N1+1). The total number of times of the re- 
peated ordinary charging of the battery 11 can be de- 
tected from the value of the counter N1 . In step SI 06, it 
is decided whether or not a difference between the en- 
vironmental temperature TAO and the battery tempera- 
ture TBO is equal to or less than a predetermined charg- 
ing starting temperature difference ATOK, which is set 
to, for example, a value in a range of 0 to 10°C. 
[0032] If the difference between the environmental 
temperature TAO and the battery temperature TBO be- 
comes equal to or less than the charging starting tem- 
perature difference ATOK, the process goes on to step 
SI 09. In step SI 09, it is decided whether or not the value 
of a counter N2 is equal to or more than a reference 
value Nref . The counter N2 is different from the counter 
N1 for counting the total number of times of the repeated 
ordinary charging of the battery 11, and is used for 
counting the number of times of the repeated ordinary 
charging between one refresh charging and the next re- 
fresh charging. Accordingly, each time the refresh 
charging has been terminated, the counter N2 is reset 
to"1" (see step SI 38). 

[0033] If the value of the counter N2 is equal to or 
more than the reference value Nref, the process goes 
on step 8121 (shown in FIG. 4), to start the refresh 
charging procedure. Meanwhile, if the value of the coun- 
ter N2 is less than the reference value Nref, the process 
goes on from step SI 09 to step S1 13 (shown in FIG. 3), 
to start the ordinary charging procedure. In this way, if 
the number of times of the ordinary charging repeated 
after the previous refresh charging becomes a specific 
number or more, the refresh charging is selected. The 
reference value Nref may be set to a value less than 20, 
preferably, 1 0. The reason forthis will be described later 
with reference to FIG. 7. 

[0034] It is to be noted that the selection of the charg- 
ing mode is not necessarily based on the value of the 
counter N2 but may be, for example, based on the de- 



cision of whether or not a random number Nran made 
to occur for each ordinary charging corresponds to the 
reference value Nref. In the case where it is intended to 
perform the refresh charging each time the ordinary 

s charging has been repeated by 10 times, the reference 
value Nref may be predetemiined at either of 0 to 9, and 
a random number may occur in such a manner as to be 
randomly selected from 0 to 9. With this setting, if the 
random number Nran corresponds to the reference val- 

10 ue Nref, the process goes on to step 8121 (see FIG. 4), 
so that the refresh charging is selected each time the 
ordinary charging has been repeated by about 1 0 times. 
[0035] If the difference between the environmental 
temperature TAO and the battery temperature TBO is 

15 more than the charging starting temperature difference 
ATOK, the process goes on to step 81 07. In step 81 07, 
it is decided whether or not an indication "Rapid Charg- 
ing" has been given. The rapid charging of the battery 
is a special modefor meeting a requirement to terminate 

20 the charging for a short period of time, and is character- 
ized by stopping the charging at a charge level lower 
than a reference charge level. The reference charge lev- 
el is the above-described charge level at which the or- 
dinary charging is to be stopped, and is set to be slightly 

25 less than the full-charge level. For example, a rapid 
charging switch may be provided on the charger 2, and 
in this case, the answer in step 8107 is determined on 
the basis of whether the switch Is turned on or off. It is 
to be noted that the provision of the rapid charging mode 

30 is optional. 

[0036] The charge level as the decision reference on 
the basis of which the rapid charging is to be stopped 
may be represented by a rate of temperature rise of the 
battery 11 . To be more specific, a reference rate of tem- 

35 perature rise corresponding to the charge level as the 
decision reference may be previously set, and if a rate 
of temperature rise of the battery 1 1 , which corresponds 
to the reference rate of temperature rise, is detected, 
the rapid charging may be stopped (see step S120). 

40 [0037] If the rapid charging has been selected, the an- 
swer in step S107 becomes affirmative (YES), and the 
process goes on to step S1 1 0. In step S1 1 0, it is decided 
whether or not the value of the counter N2 is equal to or 
more than the reference value Nref. It is to be noted that 

45 the counter N2 is, as described above, for counting the 
number of times of the repeated ordinary charging be- 
tween one refresh charging and the next refresh charg- 
ing. If the value of the counter N2 is less than the refer- 
ence value Nref, the process goes on from step S14 0 to 

50 step S1 12 (shown in FIG. 3), to start the rapid charging 
procedure. Meanwhile, if the value of the counter N is 
equal to or more than the reference value Nref, the proc- 
ess goes on to step S111 . In step S1 11 , an attention sig- 
nal "Rapid Charging to be Prohibited" Is displayed on 

55 the display portion 27, and then the process goes on to 
step 8121 (shown in FIG. 4), to start the refresh charging 
procedure. It is to be noted that, like the decision func- 
tion in step SI 09, the decision function in step S11 0 may 
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be replaced with the decision function based on the 
comparison of a random number with a predetermined 
reference value. 

[0038] If the answer in step S1 07 is denied (NO), that 
is, if the rapid charging has not been selected, the proc- 
ess goes on to step S108. In step S108, it is decided 
whether or not the difference between the environmen- 
tal temperature TAO and the battery temperature TBO is 
equal to or less than the predetermined charging start- 
ing temperature difference ATOK. If the answer In step 
S108 is denied (NO), the decision in step S108 is re- 
peated every specific resting time, and if the answer in 
step S108 is affirmative (YES), the process goes on to 
step S109. 

[0039] FIG. 3 is a flow chart showing a second essen- 
tial process of the ordinary charging. In step S113, a cut- 
off voltage Vc is calculated on the basis of the following 
calculation equation. 

Vc = VO - (TAO - 25) X a + p (1) 

[0040] It is to be noted that the equation (1 ) for calcu- 
lating the cut-off voltage will be described In detail later. 
In step S114, the ordinary charging is started. The ordi- 
nary charging is performed by supplying a constant 
charging current, for example, 1 .6 amperes. 
[0041] In step S115, it Is decided whether or not the 
battery voltage V is equal to or more than the cut-off volt- 
age Vc. If the battery voltage V is equal to or more than 
the cut-off voltage, it is decided that the battery Is 
charged to a charge level equivalent to a specific ratio, 
for example, 97% of the full-charge level, and in this 
case, the process goes on to step S116, in which the 
ordinary charging Is stopped. In step S11 7, the value of 
the counter N2 is incremented by 1 (N2 N2-I-1 ). In the 
case where the decision in each of steps S1 09 and S1 1 0 
is performed on the basis of comparison of a random 
number with a predetemnined reference value, the 
processing of step S117 can be omitted. The process 
goes on to step S118, in which an attention signal "Ter- 
mination of Charging" is displayed on the display portion 
27. 

[0042] If the answer in step S115 Is denied, that is, If 
It Is decided that the battery Is not charged to the specific 
charge level yet, the process goes on to step S119. In 
step S119, it is decided whether or not the difference 
between the environmental temperature TAO and the 
battery temperature TBO is equal to or less than the pre- 
determined charging starting temperature difference A 
TOK. If the difference between the environmental tem- 
perature TAO and the battery temperature TBO is equal 
to or less than the predetermined charging starting tem- 
perature difference ATOK, the process is goes back to 
step S115, in which it is again decided whether or not 
the battery voltage V Is equal to or more than the cut-off 
voltage Vc. Meanwhile, if the difference between the en- 
vironmental temperature TAO and the battery tempera- 



ture TBO is more than the predetermined charging start- 
ing temperature difference ATOK, the process goes on 
to step S120. In step S120, it is decided whether or not 
a battery temperature change rate AT/At is equal to or 

5 more than a specific value, which is set to, for example, 
1 **C/min. As the charge level becomes 90 to 95% of the 
full-charge level, the rate of temperature rise of the bat- 
tery becomes rapidly large. Accordingly, it can be decid- 
ed whether or not the charge level becomes 90% or 

10 more of the full-charge level, by checking whether or not 
the rate of temperature rise of the battery becomes a 
specific value or more. If the answer in step S120 is af- 
firmative (YES), it is decided that the charge level suffi- 
cient for the rapid charging Is obtained, and the process 

15 goes on to step S116, in which the rapid charging is 
stopped. 

[0043] In this embodiment, It is decided, on the basis 
of the rate of temperature rise of the battery, whether or 
not the charge level sufficient for the rapid charging Is 

20 obtained; however, the reference for deciding the 
charge level sufficient for the rapid charging is not lim- 
ited thereto but may be replaced with a charging cut-off 
voltage specialized for the rapid charging. To be more 
specific, two kinds of charging cut-off voltages may be 

25 set, wherein the lower cut-off voltage be used as the ref- 
erence for deciding termination of the rapid charging, 
and the higher cut-off voltage be used as the reference 
for deciding termination of the ordinary charging other 
than the rapid charging. 

30 [0044] The refresh charging process will be described 
below with reference to FIGS. 4 and 5. FIG. 4 is a flow 
chart showing a first essential process of the refresh 
charging. In step S121, a remaining capacity C of the 
battery 1 1 is detected by the capacity calculating portion 

35 1 3. In step 81 22, it Is decided whether or not the remain- 
ing capacity G Is equal to or less than a discharge ref- 
erence remaining capacity AC. By repeating the ordi- 
nary charging, the charge level at a specific charging 
voltage is decreased due to the "charging memory ef- 

"^0 feet" and also a discharge capacity is decreased. For 
this reason, the remaining capacity of the battery is de- 
tected prior to the refresh charging. In this case, if the 
remaining capacity of the battery is equal to or less than 
the discharge reference capacity AC, a discharge curve 

45 of the battery 1 1 is restored to the original state by dis- 
charging the battery. 

[0045] If the answer in step 81 22 is affirmative (YES) , 
the process goes on to step S1 23, to start additional dis- 
charging, that is, "refresh discharging". In step SI 24, it 

50 is decided whether or not the battery voltage V is equal 
to or less than a specific discharge cut-off voltage Vd. If 
the battery voltage V is equal to or less than the specific 
cut-off voltage Vd. the process goes on to step 8125, in 
which it Is decided whether or not the, battery tempera- 

55 ture TBO Is equal to or less than the predetermined 
charging starting temperature Tmax. The reason for ex- 
ecuting the processing in step SI 25 is that since the bat- 
tery temperature is raised by discharging the battery, the 
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discharging operation must be shifted to the charging 
operation after the battery tennperature is lowered to the 
specific charging starting temperature. 
[0046] If it is decided that the battery temperature be- 
comes equal to or less than the predetermined charging 
starting temperature Tm ax, the process goes on to step 
S126, in which a counter N3 is reset to "1". The counter 
N3 is provided for deciding the number of times of the 
repeated refresh charging after the refresh discharging. 
[0047] If the answer in step SI 22 is denied, the proc- 
ess goes on to step Si 27. In step S127, it is decided 
whether or not the value of the counter N3 is equal to or 
less than a discharge reference counter number Ndls. 
If the answer in step S127 is denied (NO), the process 
goes to step S 1 23. That is to say, in the case where the 
number of times of the repeated refresh discharging 
does not exceeds the specific number Ndis, the refresh 
discharging is performed even if the remaining capacity 
C of the battery 1 1 is more than the discharge reference 
remaining capacity AC. 

[0048] If the answer In step SI 27 is affimriative (YES), 
the process goes on to step SI 28, in which the value of 
the counter N3 is incremented by 1 (N3 N3-I-1). After 
the refresh discharging is terminated, a capacity indica- 
tion data "0" is outputted for correcting the zero indica- 
tion of the remaining capacity in the remaining capacity 
displaying portion 43. 

[0049] FIG. 5 is a flow chart showing a second essen- 
tial process of the refresh charging. The process goes 
on from step S128 shown In FIG. 4 to step S129 shown 
In FIG. 5. 

In step S129, the cut-off voltage Vc is calculated on the 
basis of the equation (1), and in step S130, the refresh 
charging procedure is started. The refresh charging is 
performed in two-stages at two different charging cur- 
rents. The reason for this will be described in detail with 
reference to FIG. 6. The first stage charging Is started 
at a higher current, for example, 2.5 amperes. In step 
S131 , It is decided whether or not the battery voltage V 
is equal to or more than the cut-off voltage Vc. If the 
battery voltage V is equal to or more than the cut-off volt- 
age Vc, it is decided that the battery is charged to a 
charge level of a specific ratio, for example, 97% of the 
full-charge level, and in this case, the process goes on 
to step S132, in which the first stage refresh charging is 
stopped. In step S133, the second refresh charging is 
started at a current lower than the charging current for 
the first stage refresh charging, for example, 1 .0 am- 
pere. 

[0050] In step SI 34, it is decided whether or not a volt- 
age change Vdrp of the battery 11 is a reference drop 
voltage - AV or more. The reference drop voltage - AV 
is a voltage change in a period of a specific processing 
time dt, and is set to, for example, -50 mV. In other 
words, in step S134, it is decided whether or not the bat- 
tery voltage becomes a trailing state. If the battery volt- 
age becomes the trailing state, it is decided that the 
charge level saturates or exceeds the full-charge level, 



and in this case, the process goes on to step SI 35, in 
which the refresh charging is stopped. 
[0051] In step S136, a maximum battery voltage 
Vmax(n) and a maximum battery temperature Tmax(n) 

5 during refresh charging are recorded. After the battery 
voltage and the battery temperature are recorded, that 
is, after the refresh charging is terminated, a capacity 
indication data "1 00" is outputted for correcting the full- 
charge indication of the remaining capacity in the re- 

10 maining capacity displaying portion 43. 

[0052] In step SI 37, a battery deterioration coefficient 
p of the cut-off voltage is calculated. Since the battery 
11 is deteriorated, the charge amount cannot be accu- 
rately controlled if the cut-off voltage is left as fixed, that 

15 is, not corrected. A calculation equation for correction 
will be described later together with the equation (1). In 
step SI 38, the counter N2 is reset to "1 " (N2 = 1 ). In the 
case where the decision in each of steps SI 09 and 81 10 
is performed on the basis of comparison of a random 

20 number with a predetemnined reference value, the 
processing of step SI 38 can be omitted. The process 
goes on to step S139, in which an attention signal "Ter- 
mination of Charging" is displayed on the display portion 
27. 

25 [0053] FIG. 6 is a diagram showing changes in battery 
voltage V and battery temperature TB1 with an elapse 
of a charging time upon refresh charging, wherein data 
for the above-described two-stage refresh charging at 
two currents are compared with data for one-stage re- 

30 fresh charging at a constant current. The battery voltage 
V upon the two-stage refresh charging Is shown by a 
line V(2) and the battery voltage V upon the one-stage 
refresh charging is shown by a line V(1 ), and the battery 
temperature TB1 upon the two-stage refresh charging 

35 is shown by a line T(2) and the battery temperature TBI 
upon one-stage refresh charging is shown bya lineT(1). 
[0054] As shown in FIG. 6, in the two-stage refresh 
charging, since the first stage refresh charging is per- 
formed at a higher current (2.5 amperes), the battery 

40 can be charged to a charge level close to the full-charge 
level, more concretely, 97% of the full-charge level for 
a relatively short period of time. As a result, although 
the first stage refresh charging is shifted to the second 
stage refresh charging perfomned at a lower current (1 .0 

45 ampere), the battery can be eventually charged to a 
charge level more than the full-charge level for a short 
period of time as a whole. 

[0055] In the one-stage refresh charging, since the re- 
fresh charging is perfomned at the same current as that 

50 used for the ordinary charging (1 .6 amperes), the total 
time required for completion of the one-stage refresh 
charging becomes significantly longer than the total time 
required for completion of the two-stage refresh charg- 
ing. In addition, as shown in FIG. 6, a temperature dif- 

55 ference At occurs between the battery temperature TBI 
upon the one-stage refresh charging which takes a long- 
er time and the battery temperature TBI upon the two- 
stage refresh charging which takes a shorter time. 
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[0056] According to the above-described two-step re- 
fresh charging nnethod, the refresh charging of the bat- 
tery to a charge level over the full-charge level takes 
only a short time nearly equal to that required for the 
ordinary charging. As a result, the refresh charging does 
not give any feeling of incompatibility with the ordinary 
charging due to a difference in charging time therebe- 
tween to a user who Is unconscious of a difference be- 
tween the ordinary charging and refresh charging. In ad- 
dition, since the rising degree of the battery temperature 
TB1 is small, it is possible to improve the durability of 
the battery. 

[0057] FIG. 7 is a diagram showing a relationship be- 
tween the number of times of the repeated ordinary 
charging and a change In charge amount. In an initial 
state that the number of times of the repeated ordinary 
charging Is equal to or less than 10 (see line A), the 
charge amount increases to a large value along an initial 
charging characteristic curve. However, as the number 
of times of the repeated ordinary charging becomes 
larger than 1 0, there occurs a change in charging char- 
acteristic, with a result that a charge amount compara- 
ble to that obtained In the initial state cannot be obtained 
even at a battery voltage V corresponding to the full- 
charge level. In a state that the number of times of the 
repeated ordinary charging is equal to or less than 20 
(see line B), the charge amount at the battery voltage V 
becomes a value 5 Ah. which is smaller than that in the 
initial state but keeps a nearly practical level. In a state 
that the number of times of the repeated ordinary charg- 
ing is equal to or more than 25 (see line C), the charge 
amount at the battery voltage V is reduced to a value 
4.7 Ah, which Is an undesirable value from the practical 
viewpoint. According to this embodiment, since the ref- 
erence value Nref to be compared with the value of the 
counter N2 is set to 1 0, even if the rapid charging is fre- 
quently perfomned, at least one refresh charging is per- 
formed until the charging is repeated by 10 times. 
[0058] FIG. 8 Is a diagram showing a relationship be- 
tween an environmental temperature TAG and a charg- 
ing termination voltage VI. As shown in this diagram, 
the charging termination voltage VI is changed depend- 
ing on the environmental temperature TAO. Specifically, 
as the environmental temperature TAO becomes high, 
the charging termination voltage VI becomes low. Ac- 
cordingly, like the charging termination voltage VI, the 
cut-off voltage Vc used as the reference for deciding 
whether or not the charging should be terminated may 
be changed depending on the environmental tempera- 
ture TAO. The above-described equation (1) Is deter- 
mined on the basis of such a characteristic of the charg- 
ing tenmination voltage VI . 

[0059] In FIG. 8, the charging termination voltage at 
an environmental temperature of 25°C is taken as a ref- 
erence voltage VO, which is set to, for example, 29.6 V. 
If the environmental temperature is deviated from 25*^0, 
the charging termination voltage VI Is changed in pro- 
portional to the deviated amount of the environmental 



temperature. Accordingly, as shown in the following 
equation (la), the cut-off voltage Vc corresponding to 
the environmental temperature TAO can be obtained by 
subtracting, from the reference voltage VO, a value ob- 
5 tained by multiplying a difference between the environ- 
mental temperature TAO and the reference environmen- 
tal temperature 25''C by a correction coefficient a (for 
example, 0.01). 

10 

Vc = VO - (TAO - 25) X a (la) 

[0060] The above-described equation (1) is given by 
adding a coefficient p to the cut-off voltage Vc calculated 

15 on the basis of the equation (1 a). The coefficient p Is a 
deterioration coefficient, which takes into account the 
battery characteristic deteriorated each time the charg- 
ing is repeated. The calculation of the deterioration co- 
efficient p in step SI 37 is perfomned on the following 

20 equation: 

p = { (Vmax(1 )A/max(R)) - (Tmax(1 )-25) x y } - 
25 { (Vmax(n)/Vmax(R)) - (Tmax(n)-25) x y } (2) 

[0061 ] In the equation (2), Vmax is a battery maximum 
voltage (full-charge voltage) at each charging, and 
Tmax is a battery maximum temperature at each charg- 

30 ing; and character "(1 )" denotes an Initial value, that is, 
a value at the initial charging, character "(n)" denotes 
the present value, and character "(R)" denotes a refer- 
ence value at the reference environmental temperature 
25°C. Because of the deterioration of the battery, in the 

35 equation (2), the battery voltage Vmax(n) is lower than 
the battery voltage Vmax(1), and the battery tempera- 
ture Tmax(n) is higher than the battery temperature 
Tmax(1 ) . Accordingly, as the number of times of the re- 
peated charging becomes large, the coefficient p be- 

40 comes large, to thereby set the cut-off voltage Vc at a 
higher value for compensating for the deterioration of 
the battery. It Is to be noted that y denotes a coefficient 
of the temperature compensation. 
[0062] A method of displaying the remaining capacity 

45 of the battery 11 by using the remaining capacity dis- 
playing portion 43 will be described below. FIG. 9 is a 
diagram showing a battery discharge curve. As shown 
in this diagram, the discharge capacity at a specific bat- 
tery voltage VO In the initial state of the battery is taken 

50 as a discharge capacity AH1 . As the battery is deterio- 
rated, the discharge capacity at the specific battery volt- 
age VO becomes a discharge capacity AH2 (< AH1). In 
other words, the battery in the deteriorated state be- 
comes empty earlier than the battery in the initial state 

55 does. As a result, if the scale, that is, the display range 
of the remaining capacity displaying portion 43 is set 
such that a mark "Full" is placed at a position corre- 
sponding to the full-charge level of the battery in the in- 
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itial state and a mark "Empty" is placed at a position cor- 
responding to the empty level of the battery in the initial 
state, when the remaining capacity of the battery be- 
comes empty at the time of deterioration of the battery, 
the remaining capacity pointer does not indicate the 
mark "Empty". As shown In FIG. 9, the empty level of 
the remaining capacity of the battery in the deteriorated 
state is shifted from that in the initial state. In this case, 
if a user does not recognize the deterioration of the bat- 
tery, he or she would erroneously recognize that the ca- 
pacity of the battery remains yet, although the remaining 
capacity of the battery be actually empty. 
[0063] To cope with such an inconvenience, accord- 
ing to this embodiment, if the discharge capacity corre- 
sponding to a specific voltage value becomes small as 
a result of deterioration of the battery, the scale of the 
remaining capacity displaying portion 43 is set to be- 
come correspondingly narrow. 

[0064] FIG. 10 is a front view of the remaining capacity 
displaying portion 43 before deterioration of the battery, 
and FIG. 11 is a front view of the remaining capacity dis- 
playing portion 43 after deterioration of the battery. In 
each of FIGS. 1 0 and 1 1 , a display area of the remaining 
capacity displaying portion 43 is composed of a remain- 
ing capacity display area 431 and a warning area 432. 
A remaining capacity pointer 433 is moved over the 
whole area including the remaining capacity display ar- 
ea 431 and the warning area 432, to indicate a position 
corresponding to the remaining capacity of the battery. 
A sector plate 50, which Is a partial disk for displaying 
the warning area 432, has the same curvature as that 
of a partial circular window 51 for displaying the remain- 
ing capacity displaying area. The sector plate 50 is al- 
lowed to be displaced, along the curvature of the partial 
circular window 51 , up to a position at which it is over- 
lapped to the partial circu lar window 51 . The sector plate 
50 includes a first coloring portion 501 and a second 
coloring portion 502. The first coloring portion 501 indi- 
cates the warning area 432. The second coloring portion 
502 is provided with a mark indicating a position at which 
the remaining capacity is half of the full-charge level and 
a character representation "1/2". The boundary be- 
tween the coloring portions 501 and 502 is provided with 
a mark indicating a position at which the remaining ca- 
pacity is at the empty level and a character representa- 
tion "E". The remaining capacity display area 431 is pro- 
vided with a mark indicating a position at which the re- 
maining capacity is at the full-charge level and a char- 
acter representation "F". 

[0065] According to the remaining capacity displaying 
portion 43 having the above-described configuration, in 
the non -deteriorated state of the battery, as shown in 
FIG, 10, the sector plate 50 having the same turning 
center as that of the remaining capacity pointer 433 is 
displaced at a position on the counterclockwise side in 
the figure. In this state, the character representation "E" 
and the mark indicating the empty level are positioned 
at the left end of the partial circular window 51 , and ac- 



cordingly, the character representation "1/2" and the 
mark indicating the half level are positioned at the center 
of the partial circular window 51 . 
[0066] In the deteriorated state of the battery, as 

5 shown in FIG. 11 , the sector plate 50 is displaced clock- 
wise by an amount corresponding to the deterioration of 
the battery. To be more specific, a ratio of a full-charge 
capacity (relative capacity) detected upon the refresh 
charging to the absolute capacity of the battery is cal- 

10 culated, and the sector plate 50 is displaced clockwise 
by an amount corresponding to the calculated ratio of 
the relative capacity/absolute capacity of the battery. 
Accordingly, in this state, the character representation 
"E" and the mark indicating the empty level are shifted 

15 from the left end to the center of the partial circular win- 
dow 51 . As a result, the remaining capacity display area 

431 becomes narrow due to the shift of the warning area 

432 to cover a low remaining capacity range of the re- 
maining capacity display area 431. In other words, the 

20 display scale is reduced. Although the display scale is 
reduced due to the shift of the warning area 432 to cover 
the low remaining capacity range of the remaining ca- 
pacity display area 431 , the size of the warning area 432 
itself Is not changed. As a result, in the deteriorated state 

25 of the battery 1 1 , the remaining capacity displaying por- 
tion 43 with the reduced display scale makes it possible 
to inform a user of the deterioration of the battery 11 
while keeping the function, for giving the user a warning 
about the empty of the battery 11 , of the warning area 

30 432. 

[0067] In this way, by shifting the character represen- 
tation "E", which represents the empty of the battery, 
and the mark indicating the empty level, to reduce the 
display scale, it is possible for a user to easily recognize 

35 the deterioration of the battery and the degree thereof. 
In addition, the reduction of the display scale, which is 
realized by shifting the position of representation "E" in 
this embodiment, may be realized by shifting the posi- 
tion of representation "F", which represents the full- 

40 charge level of the battery, on the empty side. 

[0068] In the example shown in FIGS. 1 0 and 11 , the 
remaining capacity displaying portion 43, In which the 
display scale is reduced on the basis of the degree of 
deterioration of the battery, adopts an analogue display 
manner; however, it can adopt a digital segment display 
manner. FIGS. 1 2 and 1 3 show a digital segment display 
manner of the remaining capacity displaying portion 43, 
wherein the remaining capacity of the battery in the non- 
deteriorated state is displayed by using segments in 

50 FIG. 12, and the remaining capacity of the battery in the 
deteriorated state is displayed by using the segments in 
FIG. 13. In the non-deteriorated state, as shown in FIG. 
1 2, a remaining capacity display range is set by an area 
formed by ten pieces of the segments. On the other 

55 hand, in the deteriorated state, as shown in FIG. 13, the 
remaining capacity display range is reduced to an area 
formed by eight pieces of the segments, with the remain- 
ing two segments used as a warning area. 
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[0069] FIG. 14 is a block diagram showing a first es- 
sential function of this embodiment. An ordinary charg- 
ing portion 6 perfomis a first charging control to stop the 
charging at a charge level less than a full-charge level, 
and a refresh charging portion 7 performs a second 
charging control to stop the charging at a charge level 
over the full-charge level by a specific amount. A current 
supplied from the power source 3 is supplied to the bat- 
tery 11 via either the ordinary charging portion 6 or the 
refresh charging portion 7. A switching portion 8 is pro- 
vided for selecting either the ordinary charging portion 

6 or the refresh charging portion 7. To be more specific, 
when a value N2 of a counter 9 for counting the number 
of times of the repeated ordinary charging becomes a 
specific value (preferably, In a range of less than 20), 
the switching portion 8 is operated to select the refresh 
charging portion 7. When the charging by the refresh 
charging portion 7 is terminated, the counter 9 is reset. 
[0070] The function of the counter 9 can be replaced 
with a function which instructs, if a random number gen- 
erated from a random number generator is a specific 
value, the switching portion 8 to select the refresh charg- 
ing portion 7. The use of such a function allows the se- 
lection of the charging portion only by processing based 
on a program stored in a microcomputer, to reduce the 
number of hardware parts. 

[0071] The ordinary charging portion 6 allows the rap- 
id charging performed for a shortened time, that is, the 
shortened charging. For such a function, two kinds of 
cut-off voltages as charging stop references are set in 
the ordinary charging portion 6. One of the cut-off volt- 
ages is a first cut-off voltage calculated by a cut-off volt- 
age calculating portion 15, and the other is a second 
cut-off voltage, lower than the first cut-off voltage, which 
is set by a shortened cut-off voltage setting portion 1 6. 
With the use of the second cut-off voltage, the rapid 
charging can be terminated for a relatively short time. 
Although the time point at which the rapid charging 
should be terminated is based on the specific voltage In 
this embodiment, it may be based on a rising rate of the 
battery temperature. In this case, when the rising rate 
of the battery temperature exceeds a specific value, the 
rapid charging may be terminated. 
[0072] The rapid charging may be performed when a 
rapid charging switch (not shown) is operated to desig- 
nate the above-described second cut-off voltage by a 
cut-off voltage designating portion 17. In this case, if the 
counter 9 is counted-up, the refresh charging by the re- 
fresh charging portion 7 Is selected, with a result that an 
attention signal, for example, "Rapid Charging to be 
Prohibited" is displayed on a shortened charging prohi- 
bition displaying portion 1 8 as one function of the display 
portion 27. 

[0073] The cut-off voltage used for each of the ordi- 
nary charging portion 6 and the refresh charging portion 

7 is detennined by correcting a reference voltage VO 
with an environmental temperature TAO detected by an 
environmental temperature detecting portion 21. The 



deterioration of the battery 11 is corrected on the basis 
of a reference full-charge voltage, an initial full-charge 
voltage Vmax(1 ), a present full-charge voltage Vmax(n), 
an initial maximum battery temperature Tmax(1), and a 
5 present maximum battery temperature Tmax(n). The in- 
itial full-charge voltage Vmax(1) and the present full- 
charge voltage Vmax(n) are detected by a charging volt- 
age detecting portion 23, and the initial maximum bat- 
tery temperature Tmax(1) and the present maximum 
10 battery temperature Tmax(n) are detected by a battery 
temperature detecting portion 12. 
[0074] A voltage drop detecting portion 29 detects 
that during charging, the increasing tendency of the bat- 
tery voltage is shift to the dropping tendency thereof. If 
15 the increasing tendency of the battery Is shifted to the 
dropping tendency thereof, it is decided that the battery 
capacity is saturated, and accordingly, the refresh 
charging is stopped. In this way, the refresh charging is 
not terminated when the battery voltage reaches a spe- 
cific cut-off voltage but is stopped when it is detected 
that the battery capacity is saturated. 
[0075] FIG. 15 is a block diagram showing a second 
essential function of this embodiment. The refresh 
charging is performed under a specific condition after 
the discharge for refresh is performed. A refresh dis- 
charging portion 32 as one function of the charger 24 is 
operated to restore the discharging characteristic of the 
battery 11 . A remaining capacity deciding portion 33 de- 
cides whether or not the remaining capacity of the bat- 
tery 11 is equal to or less than a reference remaining 
capacity and outputs, If the remaining capacity is equal 
to or less than the reference remaining capacity, a dis- 
charge command to the refresh discharging portion 32. 
If the refresh discharging command is not outputted as 
a result of the decision of the remaining capacity decid- 
ing portion 33, a counter 34 is incremented. That is to 
say, the value of the counter 34 is representative of a 
gap between one refresh discharging and the next re- 
fresh discharging. If the value of the counter 34 reaches 
a predetermined reference value for decision of the re- 
fresh discharging, the counter 34 is counted-up. Even if 
the remaining capacity of the battery 11 is more than the 
reference remaining capacity, the refresh discharging 
portion 32 performs discharge for refreshing the battery 
11 in response to the count-up of the counter 34. 
[0076] The invention provides a system for controlling 
the charging of a secondary battery (battery), which is 
capable of keeping an initial charging/discharging char- 
acteristic of the battery in consideration of a change in 
environmental temperature and deterioration of the bat- 
tery with elapsed time. 

[0077] In the invention, an ordinary charging portion 
6 for performing a first charging control specified to stop 
the charging at a charge level less than a full-charge 
level is used in combination with a refresh charging por- 
tion 7 forperfonning a second charging control specified 
to stop the charging at a charge level more than the full- 
charge level. After the charging by the ordinary charging 
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portion 6 is continuously repeated by a specific number 
of times, for example, ten times, the next charging is per- 
formed by the refresh charging portion 7. The cut-off 
voltage used for the ordinary charging portion 6 and re- 
fresh charging portion 7 is determined by correcting a 
reference voltage VO on the basis of an environmental 
temperature TAO detected by an environmental temper- 
ature detecting portion 21 . The deterioration of the bat- 
tery 11 is corrected on the basis of a reference full- 
charge voltage, an initial full-charge voltage Vmax(1), a 
present full-charge voltage Vmax(n), an initial maximum 
battery temperature Tmax(1), and a present maximum 
battery temperature Tmax(n). 



Claims 

1 . A system for controlling the charging of a secondary 
battery (11), comprising: 

charging control means (6) for stopping the 
charging when a charging voltage reaches a 
specific cut-off voltage (Vc) corresponding to a 
charge capacity less than a full-charge level 
(Vmax); and 

temperature correcting means (15) for correct- 
ing said cut-off voltage (Vc) on the basis of a 
deviation between a present environmental 
temperature (TAO) and a reference environ- 
mental temperature. 

2. A system for controlling the charging of a secondary 
battery (11) according to claim 1, further compris- 
ing: 

second charging control means (7) for stopping 
the charging at a charge level more than a full- 
charge level (Vmax) ; 

charging voltage storing means for storing a 
charging voltage at the time of tennination of a 
plurality of times of the charging by said second 
charging control means (7); and 
deterioration correcting means (SI 37) for cor- 
recting said cut-off voltage (Vc) on the basis of 
the value of the charging voltage stored in said 
charging voltage storing means. 

3. A system for controlling the charging of a secondary 
battery according to claim 2, further comprising: 

battery temperature storing means for storing 
a temperature (TBO) of said secondary battery 
(11) at the time of termination of a plurality of 
times of the charging by said second charging 
control means (7); 

wherein said deterioration correcting means 
(S132) further con-ects said cut-off voltage (Vc) on 



the basis of the value of the battery temperature 
stored In said battery temperature storing means. 
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